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Background: Physical activity and a healthy body composition are said to reduce the risk
of major depressive disorder. Nonetheless, deeper insight is needed into which specific
forms of physical activity (and their relation to body composition) are effective in improving
and preventing depressive symptoms.
Methods: We compared different self-reported physical activities of the Global Physical
Activity Questionnaire and body composition measures between patients with a current
major depressive episode (MDE; N = 130) and healthy control subjects (N = 61). These
parameters were also tested for correlations with depression severity and serum lipid
levels in patients and controls.
Results: Patients with a current MDE reported significantly fewer hours spent on total
physical activity, walking or bicycling for travel, and vigorous-intensity activities at leisure
than healthy control subjects. More time spent on vigorous-intensity activities at work, less
time spent on walking or bicycling for travel, higher body fat mass, and lower body muscle
mass correlated significantly with stronger depression severity. Physical activity and body
measures correlated significantly with serum lipid levels.
Limitations: Self-reports of physical activity, only short-term follow-up of 20 days, cross-
sectional study design without examination of causal role of exercise.
Conclusions:More time spent on traveling by foot or by bike is especially associated with
a lower risk of and milder depression. These results highlight the differential role of physical
activity in depression.
Keywords: depression, physical activities and sports, body composition, serum lipid concentration, mental healthg June 2020 | Volume 11 | Article 4941
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Major depressive disorder (MDD) is one of the five leading
causes for years lived with disability (1), and 30% of the
depressed patients are considered therapy refractory. Suffering
from depression entails immense individual burden and creates
high economic costs for society. Hence, there is urgent need for
effective prevention strategies.
TheWorld Health Organization (WHO) recommends at least
150 min of moderate-intensity physical activity throughout the
week to reduce the risk of noncommunicable diseases (NCDs)
like depression (2). Some studies show a reduction of depressive
symptoms following resistance exercise training (3). However, it
seems that sport administered in a therapeutical setting has only
a minor positive impact on depressive symptoms overall (4).
Instead, physical activity appears to be more effective in
prevention of depression. In contrast to physical activity at
work, physical activity during leisure-time might protect
against the development of a depressive disorder depending on
the amount but regardless of the intensity (5). Using the genetic
instrument of Mendelian randomization, Choi et al. (6) clarified
that reduced physical activity is a risk factor for depressive
symptoms, not only a consequence. Overall, we have only
limited knowledge about which subforms of physical activity
are likely to help preventing depression.
Physical activity is also important for weight control and
prevention of obesity. On the one hand, especially the atypical
subtype of MDD is a strong predictor of obesity and weight gain in
the future (7). On the other hand, obesity increases the risk of
future depression (8). Higher body mass index (BMI) was
associated with increased risk of depression in a large
prospective population survey (9). In addition, abdominal fat
distribution may be a key mediator in the relationship between
obesity and depression (10). Based on these data, we would expect
that patients with a current major depressive episode (MDE) show
body measures related to obesity, i.e., primarily a higher BMI.
Moreover, physical activity reduces the likelihood of NCDs
and depressive comorbidities, particularly cardiovascular disease
(11). There is evidence that physical training improves
cholesterol metabolism, e.g., lowers LDL lipoprotein levels (12,
13). Cholesterol metabolisms and serum lipids seem to play an
important role in depression. It has been shown that high
triglycerides, high total cholesterol, and high LDL cholesterol
are related to depression per se (14). By contrast Ancelin et al.
(15) found out that lower LDL cholesterol is a risk factor for
depressive symptoms in elderly males. Using lipid lowering
statins as an additional medication to antidepressants, Salagre
et al. (16) found a better Hamilton Depression Rating Scale
(HAMD) outcome in patients compared to those with
antidepressants and placebo in a large meta-analysis of
epidemiological studies. Interestingly, cerebral lipids, especially
ceramides, have been shown to be a potential target of
antidepressants and influence depression like behavior in
animal experiments (17). Considering the possible LDL
lowering effect of physical activity, lipid pathways might thus
be involved in the relationship between physical activities
and depression.Frontiers in Psychiatry | www.frontiersin.org 2In this study, we aimed to investigate which physical activities
in everyday life (total physical activity, vigorous- and moderate-
intensity activities at work and at leisure, and time spent walking
or bicycling for travel; sitting as a control condition) are
associated with the risk and severity of depressive disorders.
We further analyzed which related body composition measures
(BMI, body weight and height, waist circumference, body fat and
muscle mass, and visceral adipose tissue) are associated with the
risk and severity of depressive disorders. We also analyzed the
association of physical activity with serum lipids. We have
previously found in the same cohort that higher serum lipids,
especially higher LDL cholesterol, are positively associated with
depression severity (18).
Sex differences in depression, like the two-fold increased
lifetime prevalence in women compared with men, are well
known (19). Obesity seems to be more prevalent in women.
Worldwide, 11% of all men and 15% of all women are classified
as obese (20). Li et al. (21) found a positive correlation between
depression and BMI in women, but not in men.
Hagströmer et al. (22) showed men spending more time than
women in moderate and vigorous physical activity, but no sex-
specific differences for inactivity in a large population
based study.
Based on these sex differences, we also explored whether the
effects were present in analyses specific to women and men.
Our primary hypothesis was that more time spent on physical
activity is associated with a lower risk of a current MDE and
lower depression severity. Second, we hypothesized that lower
serum lipids, especially LDL cholesterol, are associated with
protective physical activities. Third, we hypothesized that
higher body composition measures, especially higher BMI and
visceral adipose tissue, are positively associated with higher risk
of depression.METHODS
Sample Description
We used data from participants of the CeraBiDe (“Ceramide-
associated Biomarkers in Depression”) study (18, 23). The
recruitment took place between 01/2014 and 01/2017. Patients
with a current MDE were recruited from in- and outpatients of
the Department of Psychiatry and Psychotherapy at the
University Hospital Erlangen and further interested persons
fulfilling the inclusion criteria. Healthy control subjects were
local citizens informed about the study via letters, local
newspapers, flyers, and via internet advertisement; we matched
both groups by age and gender. Participants underwent a multi-
step screening procedure to exclude severe physical (e.g.,
autoimmune disorder, cancer) and psychiatric morbidity (with
the exclusion of nicotine dependence and comorbid anxiety
disorder), and the use of corticosteroids or anti-inflammatory
drugs in the last 7 days, pregnancy, and breastfeeding (see
Supplementary Material). The study sample characteristics are
provided in Table 1. In total, we included 130 patients with a
current MDE (64 without any antidepressants for at least 2 weeksJune 2020 | Volume 11 | Article 494
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least 2 weeks) and 61 healthy control subjects. Inclusion criteria
were BMI 18.5–35 kg/m², age 18–75 years, and written informed
consent. We screened all participants using a shortened German
version of the structured clinical interview for DSM-IV (SCID-I)
and quantified depression severity using the self-report Beck
Depression Inventory (BDI)-II and the clinician-administered
17-item HAMD. The patients had to fulfill the criteria for a
MDD in the SCID-I.
One hundred twenty of the 130 patients with a current MDE
participated in a direct follow-up (study visit 2) [14–63 days post
inclusion, median 20 days, interquartile range (IQR) 16–27]. All
patients received treatment as usual during the follow-up period.
At the first time point (study visit 1), blood, clinical, behavioral,
and body composition parameters [including SCID-I, BDI-II,
HAMD, Global Physical Activity Questionnaire (GPAQ), body
composition] were collected. During the follow-up visit (study
visit 2), a blood taking and a second clinical interview (including
BDI-II and HAMD) took place.
Physical Activity
Physical activity was measured by the GPAQ (24, 25).
Participants were asked about the time spent on different types
of physical activity in a typical week in the last six months. TotalFrontiers in Psychiatry | www.frontiersin.org 3physical activity per week was calculated using metabolic
equivalents to activity levels according to the recommendations
of the WHO (26). Moderate physical activity at leisure includes
activities with moderate physical effort, which cause small
increases in breathing or heart rate such as brisk walking,
cycling, swimming, or volleyball; vigorous-intensity activities at
leisure require hard physical effort and cause large increases in
breathing or heart rate, like running or football. Vigorous-
intensity activities at work include carrying or lifting heavy
loads, digging, and construction work. Moderate-intensity
activity at work causes small increases in breathing or heart
rate such as brisk walking or carrying light loads.
For the judgment of the GPAQ, it is important to equalize
vigorous-intensity to moderate-intensity physical activity. As
recommended by the WHO, we doubled the time spent with
vigorous-intensity activity to equalize it with moderate level
activity. Time spent traveling is considered a moderate activity.
Total physical activity means the sum of all single activities per
week (without sitting).
Body Composition
For body composition analysis (BMI, body weight and height,
waist circumference, body fat and muscle mass, visceral adipose
tissue), a classical measuring tape and body analyzer (OmronTABLE 1 | Study cohort and group comparisons.
Patients with a current MDE Healthy control subjects Group comparisons
N % or Median IQR N % or Median IQR c2, df a or U b P
Female (%) 130 53 61 51 a 0.1, 1 0.771
Single (%) 130 38 61 23 a 4.1, 1 0.043
Married (%) 130 40 61 33 a 0.9, 1 0.338
Divorced (%) 130 21 60 5 a 7.7, 1 0.006
Age (years) 130 46 33 54 61 42 32 54 b 3738 0.523
Sum of education years 115 15 13 17 51 15 13 18 b 2648 0.317
Paid working hours per week 119 24 0 40 51 25 0 40 b 3015 0.946
Paid working months during the previous year 120 12 3 12 53 12 1 12 b 3036 0.594
Depression scores
BDI-II score at baseline 130 29 23 34 61 1 0 3 b 10 <0.001
BDI-II score at follow-up 120 20 14 28
HAMD score at baseline 130 22 19 25 61 1 0 2 b 0 <0.001
HAMD score at follow-up 120 18 12 21
Physical activity
Total physical activity (min/week) 127 420 180 1260 61 870 540 1680 b 2567 <0.001
Vigorous-intensity activities at work (min/week) 130 0 0 0 61 0 0 0 b 3706 0.229
Moderate-intensity activities at work (min/week) 129 0 0 360 61 0 0 240 b 3878 0.853
Time spent walking or bicycling for travel (min/week) 130 60 0 180 61 210 120 315 b 2193 <0.001
Vigorous-intensity activities at leisure (min/week) 130 0 0 30 61 120 0 240 b 2180 <0.001
Moderate-intensity activities at leisure (min/week) 128 60 0 180 61 90 0 210 b 3342 0.096
Sitting (min/day) 130 480 300 660 61 420 300 600 b 3517 0.206
Body measures
BMI (kg/m2) 130 27 23 29 61 24 23 28 b 3335 0.077
Body height (cm) 130 172 166 180 61 172 167 183 b 3613 0.322
Body weight (kg) 130 80 67 90 61 73 67 89 b 3717 0.486
Waist circumference (cm) 123 91 80 101 57 88 82 95 b 3011 0.128
Body fat mass (%) 127 32 26 39 59 29 22 36 b 3122 0.068
Body muscle mass (%) 127 30 26 33 59 32 27 36 b 3100 0.058
Visceral adipose tissue (%) 127 9 6 11 59 7 5 10 b 3117 0.064June 2020 | Volume 11 | ArtMDE, major depressive episode; IQR, interquartile range; BMI, body mass index. N, total number of individuals with data for these parameters. ac2 test; bMann-Whitney U test. P < 0.05 in
bold print.icle 494
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measurement were used.
Blood Analysis
Blood samples were taken (after fasting overnight) in the morning.
Serum lipid levels were quantified at the Central Laboratory of the
University Hospital Erlangen, Germany (DIN EN ISO 15189
accredited) by enzymatic photometric assays.
Statistical Analyses
The data were analyzed using SPSS for Windows 24.0 (SPSS Inc.,
Chicago, IL) and visualized using Graph Pad Prism 5 (Graph Pad
Software Inc., San Diego, CA). The descriptive statistics report
median, IQR, and frequencies. The c2 test was used to evaluate
differences in the frequency of nominal variables. Because the
Kolmogorov-Smirnov test showed significant deviations from
normal distributions in most variables of interest in patients with
a current MDE and/or healthy control subjects (all depression
scores, all times spent on physical activity, all body measures
except for body fat mass), we decided to use non-parametric
methods. Group differences were tested using the Mann-
Whitney U tests for independent samples. Spearman's method
was applied to evaluate bivariate correlations. P < 0.05 for two-
tailed tests was considered significant. All P-values are
uncorrected for multiple hypothesis testing. We used Receiver
Operating Characteristic (ROC) and Youden's J statistic (J =
sensitivity + specificity − 1) to evaluate the thresholds of hours of
physical activity per week to best discriminate patients with a
current MDE from healthy control subjects (27). The results of
sex-specific analyses are shown in the Supplemental Tables.
Ethical Approvement
This study was approved by the Ethics Committee of the Medical
Faculty of the Friedrich-Alexander University Erlangen-
Nürnberg (ID 148_13 B).RESULTS
Sociodemographic Characteristics
We did not find any significant between-group differences in age,
sex, education, and time spent working (i.e., paid hours at work
per week and paid months during the previous year). Patients
with a current MDE were significantly more frequently divorced
(OR 5.0) and significantly more often single (OR 2.0) than
controls. They also scored significantly higher on the BDI-II
and HAMD scores (Table 1).
Between-Group Differences in Physical
Activity and Body Measures
Patients with current MDE spent significantly less time on total
physical activity, on traveling to and from places by bike or by
foot, and on activities with vigorous physical effort in leisure time
than healthy control subjects (Table 1). Neither time invested in
activities at work (vigorous-intensity and moderate-intensity),
nor moderate intensity activities at leisure, varied significantlyFrontiers in Psychiatry | www.frontiersin.org 4between healthy control subjects and patients with a current
MDE. There was also no significant difference in our control
parameter, the daily time used for sitting. Moreover, the groups
did not significantly vary in body composition measurements
(Table 1). Most of the effects seen in the total cohort were also
present in the sex-specific sub-groups. In addition, we found
longer sitting in female and longer vigorous-intensity activities at
work in male patients with a current MDE than in sex-specific
healthy control subjects. Moreover, male patients with a current
MDE showed significantly higher body fat mass and visceral
adipose tissue and lower body muscle mass (Supplemental
Tables 1 and 2).
Activity Thresholds Discriminating
Between Patients with an MDE and
Healthy Control Subjects
Because of significant differences in the between-group
comparisons for total physical activity, time spent walking or
bicycling for travel, and vigorous-intensity activities at leisure, we
further conducted ROC analyses to evaluate the thresholds of
minutes per week to discriminate patients with MDE from
healthy control subjects. These showed Youden cut-off points
of 465 min per week of total physical activity (N = 188, AUC
0.669, P < 0.001, sensitivity 0.543, specificity 0.852), of 123 min
per week spent walking or bicycling for travel (N = 191, AUC
0.724, P < 0.001, sensitivity 0.662, specificity 0.738), and of 113
min per week with vigorous-intensity activities at leisure (N =
191, AUC 0.725, P < 0.001, sensitivity 0.854, specificity 0.590)
(Figure 1). In sex-specific analyses, we found Youden cut-off
points for total physical activity of 245 min per week in females
(N = 97, AUC 0.683, P = 0.004, sensitivity 0.379, specificity
0.968) and 450 min per week in males (N = 91, AUC 0.646, P =
0.024, sensitivity 0.492, specificity 0.967). We found Youden cut-
off points for walking or bicycling for travel of 130 min per week
in females (N = 100, AUC 0.752, P < 0.001, sensitivity 0.710,
specificity 0.742) and 165 min per week in males (N = 91, AUC
0.693, P = 0.003, sensitivity 0.689, specificity 0.667), and for
vigorous-intensity activities at leisure of 113 min per week in
females (N = 100, AUC 0.680, P = 0.004, sensitivity 0.884,
specificity 0.452) and of 95 min per week in males (N = 91,
AUC 0.765, P < 0.001, sensitivity 0.820, specificity 0.733). In our
study population, the cut-off point next to the 150 min/week of
total physical activity recommended by WHO was 162.5 min/
week. For this value, we found a sensitivity of 0.236 and a
specificity of 0.967.
Depression Severity, Physical Activity, and
Body Measures
Time with vigorous-intensity activities at work correlated
significantly positively with HAMD scores at baseline. On the
contrary, the time spent on walking or bicycling for travel
correlated significantly negatively with BDI-II and HAMD
scores. Consistent with that, we also found significant positive
relationships between body fat mass and depression scores and
significant negative relationships between body muscle mass and
depression scores (Table 2). Physical activity and body measuresJune 2020 | Volume 11 | Article 494
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severity from study visit 1 to study visit 2. However, in sex-
specific analyses, such effects were found in the group of female
patients with an MDE. In this group, lower BMI, body weight,
waist circumference, body fat mass, and visceral adipose tissue
were associated with a stronger reduction on the HAMD score
(Supplemental Tables 3 and 4). In line with the findings in the
patients group, we also detected in the control group that HAMD
scores correlated significantly positively with activities at work
and significantly negatively with vigorous-intensity activities at
leisure (Supplemental Table 5).
Physical Activity, Body Measures, and
Lipid Serum Levels
Details on lipid serum levels and the use of lipid lowering agents in
the sample analyzed here have already been published in Wagner
et al. (18). In patients with a current MDE, vigorous-intensity
activities at work correlated significantly positively with triglyceride
levels and LDL/HDL ratios, and time spent walking or bicycling for
travel correlated significantlynegativelywith triglycerides, total and
LDL cholesterol, and LDL/HDL ratios (Table 3). The sex-specific
analyses confirmed the significant negative correlations between
time spentwalking or bicycling for travel and triglycerides, total and
LDL cholesterol, and LDL/HDL ratio in male patients with MDE
(Supplemental Table 6). As expected, therewere several significant
associations between bodymeasures and serum lipid profile (Table
3 and Supplemental Table 6). In the group of healthy control
subjects, moderate-intensity activities at leisure correlated
significantly positively with triglycerides and total and LDL
cholesterol in the total cohort and the female and male sub-
cohorts. In line with the patients with a current MDE, body
measures were significantly related to the serum lipid profile
(Supplemental Tables 7 and 8).
Physical Activity and Body Measures
We found various significant correlations between physical
activities and body measures (Table 4). In sex-specificFrontiers in Psychiatry | www.frontiersin.org 5analyses, these were found only in males but not in females
(Supplemental Tables 9 and 10).DISCUSSION
Physical activity is widely recommended to promote health and
to protect against a broad range of diseases. In support of this,
here we found a significantly higher amount of physical activity
in healthy control subjects than in patients with a current MDE.
Vigorous-intensity activities in leisure and time spent to travel to
and from places by bike or on foot were especially more extensive
in healthy control subjects. Interestingly, neither moderate-
intensity activities at work nor at leisure varied significantly
and consistently between patients with a current MDE and the
controls in all three groups (total, female, and male groups). As
the groups did not significantly differ with regard to time spent
working (i.e., paid hours at work per week and paid months
during the previous year), disability, unemployment, and sick
leave are unlikely to account for this observation. In the total
cohort and the male sub-cohort, there was no significant
difference in our control parameter (daily time used for sitting)
which might in part be due to recall bias in patients with a
current MDE. The time spent sitting (480 min/day for patients
with an MDE vs. 420 min/day for healthy control subjects) in our
cohort agrees with data from Hagströmer et al. (22) who found
459 min of inactivity per day for adults in a huge population
based study. Helgadottir et al. (28) found 546 min of sedentary
behavior per day in persons with mild to moderate symptoms of
depressive and/or anxiety disorders. They showed that
depression severity is positively associated with time spent
sedentary (28); we were not able to replicate this association.
We calculated ROC analysis and demonstrated that less than
465 min per week of total physical activity (sensitivity 0.543,
specificity 0.852), less than 123 min per week spent walking or
bicycling for travel (sensitivity0.662, specificity 0.738), and less than
113 min per week with vigorous-intensity activities at leisure
(sensitivity 0.854, specificity 0.590) optimally discriminates
between patients with MDE and healthy control subjects. The
WHO recommends at least 150 min of moderate physical activity
per week to prevent NCDs (2). Our data suggest that longer times
spent on physical activity might be more beneficial. The results of
our cross-sectional study are not applicable tomake any inferences
about causality. It is also very important to mention the
bidirectional relationship of physical activity and mental health.
On the one hand, physical activity reduces the risk of future
depression (29, 30). On the other hand, depression may also lead
to inactivity and increased sedentary behavior (31). Using
Mendelian randomization, Choi et al. (6) found evidence that
physical activity demonstrated a potential causal relationship with
depression. While the physical activities' impact on depressive
symptoms seems not to be crucial (4), it appears to be more
important in the prevention of mental illness. Although mainly
leisure timeassociatedphysical activityhasbeenshown tobehelpful
to prevent depression, office-based workplace physical activity
interventions seem to be effective in improving well-being (32).FIGURE 1 | The results of the Receiver Operating Characteristic analysis with
open circles indicating Youden's cut-off points.June 2020 | Volume 11 | Article 494
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be broader analyzed in future studies.
In patients with a current MDE, more time spent on traveling
was associated with milder depression severity, while vigorous-
intensity activities at work were associated with a higher HAMD
score. Also, in the group of healthy control subjects, activities at
work related to higher HAMD scores and vigorous activities at
leisure were linked to lower HAMD scores. These results partly
agree with those of Harvey at al. (5), who found on the one hand a
protective impact of leisure-time physical activity in general but on
the other hand a harming effect of physical activities at work. Here,
the causality remains unclear as monotonous work or
socioeconomic status might act as confounder.
In our study cohort, we found significant differences in the
between-group comparisons. Healthy control subjects spent moreFrontiers in Psychiatry | www.frontiersin.org 6time for total physical activity, walking or bicycling for travel, and
vigorous-intensity activities at leisure. This agrees with Chekroud
et al. (33) who found a significant reduction in mental health
burden especially for popular sports, cycling, and aerobic and gym
exercises compared with no exercise, preferably 30 to 60min, three
to five times per week, in a large cross-sectional study. In
accordance with Cooney et al. (4), we also show that, once a
patient has developed an MDE, physical activity seems not to be
associated with the prospective course of depression per se, but
does seem to be associated with milder depression severity.
As shown in Figure 2, we also explored the role of body
measures and serum lipids in the relationship between physical
activity and depression severity. The investigated body
measurements did not significantly differ between the two
groups, although some showed statistical trends. As expected,TABLE 2 | Spearman correlations between physical activity, body measures, and depression severity in patients with a current MDE.
BDI-II HAMD
Study visit 1 D Study visit 1 D
Total physical activity N 127 118 127 118
r −0.147 0.153 0.040 0.028
P 0.099 0.098 0.657 0.762
Vigorous-intensity activities at work N 130 120 130 120
r 0.069 0.055 0.247 −0.161
P 0.434 0.554 0.005 0.079
Moderate-intensity activities at work N 129 120 129 120
r −0.150 0.123 0.064 −0.040
P 0.089 0.181 0.473 0.664
Time spent walking or bicycling for travel N 130 120 130 120
r −0.207 0.158 -0.248 0.118
P 0.018 0.086 0.004 0.199
Vigorous-intensity activities at leisure N 130 120 130 120
r −0.074 −0.004 −0.084 −0.034
P 0.401 0.966 0.340 0.710
Moderate-intensity activities at leisure N 128 118 128 118
r −0.150 0.075 −0.081 0.083
P 0.091 0.422 0.365 0.370
Sitting N 130 120 130 120
r 0.082 0.013 −0.115 0.004
P 0.355 0.889 0.191 0.964
BMI N 130 120 130 120
r 0.042 0.127 0.141 0.057
P 0.636 0.169 0.109 0.537
Body height N 130 120 130 120
r −0.032 −0.141 −0.161 −0.053
P 0.721 0.126 0.068 0.563
Body weight N 130 120 130 120
r 0.020 −0.021 0.032 −0.017
P 0.824 0.819 0.715 0.853
Waist circumference N 123 113 123 113
r 0.033 −0.008 0.143 −0.004
P 0.721 0.929 0.115 0.964
Body fat mass N 127 117 127 117
r 0.185 0.132 0.172 0.074
P 0.037 0.157 0.053 0.425
Body muscle mass N 127 117 127 117
r −0.225 −0.111 −0.198 −0.078
P 0.011 0.234 0.026 0.401
Visceral adipose tissue N 127 117 127 117
r −0.041 0.032 0.064 0.010
P 0.646 0.730 0.475 0.912June 2020 | Volume 11 | ArtP < 0.05 in bold print. D, absolute change of depression score between baseline (study visit 1) and follow-up (study visit 2). N, total number of individuals with data for these parameters.icle 494
von Zimmermann et al. Physical Activity, Body Composition, and DepressionFIGURE 2 | An overview of the correlations shown in the tables and supplemental tables (ST) for patients with a current MDE and healthy controls (HC).TABLE 3 | Spearman correlations between physical activity, body measures, and serum lipid profile at baseline in patients with current MDE.
Triglycerides Cholesterol
Total HDL LDL LDL/HDL
ratio
Total physical activity N 127 127 127 127 127
r 0.026 0.000 0.032 −0.004 −0.024
P 0.774 0.999 0.724 0.967 0.790
Vigorous-intensity activities at work N 130 130 130 130 130
r 0.196 0.103 −0.104 0.144 0.191
P 0.025 0.245 0.241 0.102 0.030
Moderate-intensity activities at work N 129 129 129 129 129
r 0.025 0.061 0.065 0.038 −0.011
P 0.781 0.489 0.461 0.671 0.905
Time spent walking or bicycling for travel N 130 130 130 130 130
r −0.207 −0.179 0.081 −0.211 −0.227
P 0.018 0.041 0.362 0.016 0.009
Vigorous-intensity activities at leisure N 130 130 130 130 130
r −0.012 0.004 −0.013 0.010 0.003
P 0.891 0.966 0.886 0.911 0.969
Moderate-intensity activities at leisure N 128 128 128 128 128
r −0.033 0.016 0.107 −0.007 −0.088
P 0.711 0.861 0.230 0.940 0.324
Sitting N 130 130 130 130 130
r −0.054 −0.137 −0.075 −0.148 −0.065
P 0.543 0.120 0.395 0.093 0.466
BMI N 130 130 130 130 130
r 0.342 0.188 −0.347 0.310 0.460
P <0.001 0.032 <0.001 <0.001 <0.001
Body height N 130 130 130 130 130
r 0.263 −0.148 −0.433 −0.080 0.220
P 0.003 0.093 <0.001 0.365 0.012
Body weight N 130 130 130 130 130
r 0.450 0.088 −0.523 0.223 0.505
P <0.001 0.320 <0.001 0.011 <0.001
Waist circumference N 123 123 123 123 123
r 0.468 0.161 −0.530 0.318 0.570
P <0.001 0.075 <0.001 <0.001 <0.001
Body fat mass N 127 127 127 127 127
r 0.019 0.167 0.117 0.174 0.068
P 0.829 0.060 0.190 0.050 0.446
Body muscle mass N 127 127 127 127 127
r 0.059 −0.179 −0.283 −0.137 0.061
P 0.508 0.043 0.001 0.123 0.498
Visceral adipose tissue N 127 127 127 127 127
r 0.440 0.269 −0.470 0.400 0.591
P <0.001 0.002 <0.001 <0.001 <0.001Frontiers in Psychiatry | www.frontiersin.org 7 June 2020 | Volume 11 |N, total number of individuals with data for these parameters. P < 0.05 in bold print.Article 494
von Zimmermann et al. Physical Activity, Body Composition, and Depressiondepressive patients tended to have higher body fat mass, higher
visceral adipose tissue mass, and lower body muscle mass than the
controls. These differences reached significance in the male sub-
cohort. Altogether, this supports our results showing less physical
activity in patientswith a currentMDE.The rather small number of
overall study subjectsmight account for missing a significant effect.
Moreover, the inconsistencies between the associations with self-
reported physical activity and objective bodymeasuremight be due
to recall bias in patients with a current MDE. Surprisingly, in the
group of female patients with an MDE, we found that lower BMI,
body weight, waist circumference, body fat mass, and visceral
adipose tissue were associated with a stronger reduction in
HAMD score in sex-specific analyses. Further studies for
replication of this result are necessary.Frontiers in Psychiatry | www.frontiersin.org 8Both physical activity and body measurements were strongly
related to serum lipid levels. As described earlier, serum lipids,
especially LDL cholesterol, are positively associated with
depression and depression severity in our cohort (18). In this
former study, we observed that treatment with antidepressants
did not have a strong effect on the association of lipid levels with
depression severity (18). In support of this Kuel et al. (34) did not
find different cardiovascular risk profiles among depressed
patients with and without antidepressant medication.
For patients with a currentMDE, vigorous-intensity activities at
work correlated positively with triglyceride levels and LDL/HDL
ratios. Furthermore, time spent walking or bicycling for travel
correlated negatively with triglyceride, total and LDL cholesterol,
and LDL/HDL ratio. These associations suggest that serum lipidsTABLE 4 | Spearman correlations between physical activity and body measures.
BMI Body height Body weight Waist circum-
ference
Body fat
mass
Body muscle
mass
Visceral adipose
tissue
Patients with a current MDE
Total physical activity N 127 127 127 121 125 125 125
r −0.078 0.048 −0.040 −0.146 −0.210 0.211 −0.061
P 0.380 0.595 0.657 0.109 0.019 0.018 0.499
Vigorous-intensity activities at work N 130 130 130 123 127 127 127
r 0.033 0.142 0.111 0.029 −0.199 0.240 0.082
P 0.710 0.108 0.208 0.748 0.025 0.007 0.361
Moderate-intensity activities at work N 129 129 129 122 126 126 126
r −0.030 0.044 0.006 −0.111 −0.121 0.122 −0.062
P 0.733 0.617 0.947 0.224 0.177 0.175 0.493
Time spent walking or bicycling for travel N 130 130 130 123 127 127 127
r −0.177 −0.015 −0.153 −0.215 −0.200 0.179 −0.111
P 0.044 0.862 0.081 0.017 0.025 0.044 0.213
Vigorous-intensity activities at leisure N 130 130 130 123 127 127 127
r 0.011 0.029 0.013 −0.056 −0.070 0.105 −0.036
P 0.904 0.745 0.885 0.538 0.431 0.242 0.686
Moderate-intensity activities at leisure N 128 128 128 122 126 126 126
r −0.113 −0.128 −0.184 −0.097 0.014 −0.063 −0.070
P 0.204 0.151 0.038 0.290 0.876 0.484 0.433
Sitting N 130 130 130 123 127 127 127
r 0.073 0.124 0.127 0.099 0.025 -0.001 0.053
P 0.410 0.159 0.149 0.277 0.783 0.987 0.555
Healthy control subjects
Total physical activity N 61 61 61 57 59 59 59
r 0.188 0.222 0.311 0.133 0.005 0.034 0.063
P 0.147 0.085 0.015 0.325 0.968 0.800 0.638
Vigorous-intensity activities at work N 61 61 61 57 59 59 59
r 0.125 0.040 0.096 −0.012 0.171 −0.141 0.085
P 0.337 0.757 0.463 0.929 0.194 0.286 0.520
Moderate-intensity activities at work N 61 61 61 57 59 59 59
r 0.006 0.001 0.016 −0.011 0.106 −0.103 0.038
P 0.966 0.995 0.901 0.935 0.426 0.435 0.777
Time spent walking or bicycling for travel N 61 61 61 57 59 59 59
r 0.249 0.114 0.296 0.155 0.186 −0.169 0.122
P 0.053 0.381 0.021 0.248 0.157 0.202 0.359
Vigorous-intensity activities at leisure N 61 61 61 57 59 59 59
r −0.068 0.151 0.063 −0.138 −0.302 0.308 −0.183
P 0.601 0.246 0.631 0.306 0.020 0.017 0.166
Moderate-intensity activities at leisure N 61 61 61 57 59 59 59
r 0.152 −0.056 0.053 0.007 0.064 −0.067 0.224
P 0.242 0.666 0.683 0.958 0.628 0.613 0.088
Sitting N 61 61 61 57 59 59 59
r −0.136 0.246 0.049 0.218 −0.265 0.314 −0.047
P 0.296 0.056 0.708 0.103 0.043 0.015 0.721June 2020 | VolumN, total number of individuals with data for these parameters. P < 0.05 in bold print.e 11 | Article 494
von Zimmermann et al. Physical Activity, Body Composition, and Depressionare involved in the relationship between physical activity and
MDE. This also supports the assumption that subforms of
physical activity differ in their impact on mental health with both
helpful and harming effects. MDD, dyslipidemia, and insulin
resistance are said to share immunoinflammatory alterations (35).
Exercise training is potent to interrupt the obesity-induced
inflammatory mechanisms (36) and can be utilized to improve
cholesterol levels (37). As a result, physical activity might prevent
depressive symptoms.
Body fat mass correlated positively and body muscle mass
correlated negatively with depression severity, supporting the
described associations between physical activity and depression.
This agrees with Alshehri et al. (38), who detected a positive
association between total body fat and depressive mood both in
men and women. As expected, we found strong correlations
between physical activity and body composition measurements.
These support the validity of the self-reported physical activities. In
line with our results, Choi et al. (6) found a protective effect against
depression of objectively assessed but not self-reported
physical activity.
Our study is limited by the associational study design, which
does not allow causal conclusions. We analyzed a rather small
study population and did not differentiate clinical characteristics
of the episode like duration of the episodes or former episodes.
We used self-reports of physical activity for our analyses without
any direct objective measurements. Future studies might use
pedometers. We also had only a small control population, which
might account for distortion of the results. Moreover, we did not
correct for multiple hypothesis testing, which might have
resulted in some false positive findings. The strengths of our
study include the systematic analyses of subforms of physical
activity, the measurements of several body composition
parameters, and the analyses of serum lipids.
In summary, our results support the recommendation that
traveling by foot or by bike and vigorous-intensive physical
activity at leisure should be widely promoted to prevent MDE.DATA AVAILABILITY STATEMENT
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14. Wysokiński A, Strzelecki D, Kłoszewska I. Levels of triglycerides, cholesterol,
LDL, HDL and glucose in patients with schizophrenia, unipolar depression
and bipolar disorder.Diabetes Metab Syndrome: Clin Res Rev (2015) 9:168–76.
doi: 10.1016/j.dsx.2015.04.004
15. Ancelin M-L, Carrière I, Boulenger J-P, Malafosse A, Stewart R, Cristol J-P,
et al. Gender and genotype modulation of the association between lipid levels
and depressive symptomatology in community-dwelling elderly (the ESPRIT
study). Biol Psychiatry (2010) 68:125–32. doi: 10.1016/j.biopsych.2010.04.011
16. Salagre E, Fernandes BS, Dodd S, Brownstein DJ, Berk M. Statins for the
treatment of depression: A meta-analysis of randomized, double-blind,
placebo-controlled trials. J Affect Disord (2016) 200:235–42. doi: 10.1016/
j.jad.2016.04.047
17. Gulbins E, Palmada M, Reichel M, Lüth A, Böhmer C, Amato D, et al. Acid
sphingomyelinase–ceramide system mediates effects of antidepressant drugs.
Nat Med (2013) 19:934–8. doi: 10.1038/nm.3214
18. Wagner CJ, Musenbichler C, Böhm L, Färber K, Fischer AI, von Nippold F,
et al. LDL cholesterol relates to depression, its severity, and the prospective
course. Prog Neuropsychopharmacol Biol Psychiatry (2019) 92:405–11. doi:
10.1016/j.pnpbp.2019.01.010
19. Rubinow DR, Schmidt PJ. Sex differences and the neurobiology of affective
disorders. Neuropsychopharmacology (2019) 44:111–28. doi: 10.1038/s41386-
018-0148-z
20. WHO. World Health Statistics 2015. Luxembourg: WHO (2015).
21. Li L, Gower BA, Shelton RC, Wu X. Gender-specific relationship between
obesity and major depression. Front Endocrinol (Lausanne) (2017) 8:292. doi:
10.3389/fendo.2017.00292
22. Hagstromer M, Oja P, Sjöström M. Physical activity and inactivity in an adult
population assessed by accelerometry.Med Sci Sports Exerc (2007) 39:1502–8.
doi: 10.1249/mss.0b013e3180a76de5
23. Mühle C, Wagner CJ, Färber K, Richter-Schmidinger T, Gulbins E, Lenz B,
et al. Secretory acid sphingomyelinase in the serum of medicated patients
predicts the prospective course of depression. J Clin Med (2019) 8(6):846. doi:
10.3390/jcm8060846Frontiers in Psychiatry | www.frontiersin.org 1024. Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire
(GPAQ): nine country reliability and validity study. J Phys Activity Health
(2009) 6:790–804. doi: 10.1123/jpah.6.6.790
25. Cleland CL, Hunter RF, Kee F, Cupples ME, Sallis JF, Tully MA. Validity of
the global physical activity questionnaire (GPAQ) in assessing levels and
change in moderate-vigorous physical activity and sedentary behaviour. BMC
Public Health (2014) 14:1255. doi: 10.1186/1471-2458-14-1255
26. WHO. Global Physical Activity Surveillance. (2006).
27. Akobeng AK. Understanding diagnostic tests 3: Receiver operating
characteristic curves. Acta Paediatr (Oslo Norway: 1992) (2007) 96:644–7.
doi: 10.1111/j.1651-2227.2006.00178.x
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